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Abstract

Study aim: This study aimed to evaluate the effects of a Pilates-based training program on functional mobility and strength in
community-dwelling adults over 70 years old.

Material and methods: Twenty community-dwelling elderly subjects were recruited and randomly assigned to control (C = 10)
or Pilates training (PT = 10) groups for 8 weeks (2 times/week). Anthropometric, strength, cardiorespiratory fitness, functional
mobility, and static and dynamic balance parameters were assessed before and after the intervention.

Results: The PT group had higher values of lower limb strength (p = 0.013 d = 0.56) and 6-minute walking test distance
(p = 0.04; d = 0.45) than the C group. The PT group also had differences in one leg stance duration and decrease in the Timed
Up and Go test. We also observed a positive correlation between muscle strength and cardiorespiratory fitness (p < 0.01,
r = 0.62), cardiorespiratory fitness and one leg stance, eyes closed, right and left leg (p = 0.04, r = 0.45; p = 0.05, r = 0.45,
respectively).

Conclusions: Eight weeks of Pilates-based physical training induced improvements in skeletal muscle strength and functional

mobility of community-dwelling septuagenarians.
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Introduction

The positive growth in life expectancy leads to an in-
crease in the number and percentage of older adults in
the world’s population In fact, the number of people aged
60 years is expected to nearly triple by 2050 [46]. From
a physiological point of view, ageing is driven at the cel-
lular level by random molecular damage that slowly ac-
cumulates with age, which likely results in a gradual de-
cline in both physical and mental capacities and a growing
risk of comorbidities. However, there is a discrepancy in
the main health outcomes among older adults with some
70-year-olds having good health and functional mobil-
ity whereas other 70-year-olds experience a considerable
decline in physical and/or mental capacity. This decline
can be manifested in different levels and functions of the
neuromuscular system, such as declines of functional mo-
bility, strength and cardiorespiratory capacity [41] as well

as dynamic balance [5, 43], which can increase the risk of
falls and the risk of developing other health conditions.
Such evidence has been closely related with poor quality
of life and elevated long-term health-care costs [19, 35].
Physical training has been considered a potent tool to
minimize the aging-related deleterious effects [28, 38, 47].
Studies with physical exercise-based programs, includ-
ing resistance exercises [20], high-intensity training [7],
multicomponent approach exercises [10] or Tai Chi [51]
demonstrated significant benefits in skeletal muscle struc-
tural and functional changes. Among the different types
of physical training, the Pilates method has emerged as an
important possibility to attenuate and/or revert changes
induced by the aging process [8, 9]. Pilates training has
an holistic approach, requiring activation and coordina-
tion of several muscle groups simultaneously [26]. In fact,
Pilates training focuses on correct execution of the six
fundamental principles, concentration, control, centering,
flowing movement, precision and breathing, and increases
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body awareness with less ground impact and joint stress
[9]. However, to the best of our knowledge, few studies
have aimed to evaluate the impact of Pilates training on
functional mobility among elderly individuals. Therefore,
we aimed to analyze the impact of a Pilates-based physi-
cal training program in functional mobility and strength in
adults over 70 years old.

Materials and methods

The present study was a prospective, treatment-con-
trolled, study that involved baseline and post-intervention
measurements after an 8-week Pilates-based physical train-
ing program in an elderly population recruited from north
Portugal. The recruitment was based on advertisement and
oral information in daily living centers and social events
traditionally involving older adults. Researchers explained
the conditions for inclusion in the 8-week Pilates-based
training program along with local health authorities. Par-
ticipants were informed of possible significant risks, which
mainly included muscular soreness. The approval for the
experimental procedures was obtained from the Human
Research Ethics Committee of the Polytechnic Institute of
Viana do Castelo (PTDC/DTD-DES/0209/2012). Written
informed consent was obtained from each participant. All
tests were performed by experienced researchers.

Participants

Giving the inclusion and exclusion criteria and from an
estimated potential sample of 237 candidates, 20 commu-
nity-dwelling elderly, over 70 years old, agreed to partici-
pate. The candidates were randomly assigned to the control
group (C; n =10, age 75.8 £ 4.44, 5 men and 5 women)
or Pilates training (PT; n = 10, age 76.5 + 5.93, 4 men
and 6 women) group. The inclusion criteria were 1) motor
and physical independence; ii) absence of mobility aids;
iii) visual acuity above 20% and iv) absence of neurologi-
cal disease. Exclusion criteria included i) any injury that
not allow to perform physical activity; ii) the presence of
a prosthesis or iii) not able to complete at least 80% of the
total sessions. None of the participants had a history of
Pilates training and no drop outs were registered during
the intervention period.

Participants completed basic socio-demographic infor-
mation and current levels of physical activity or exercise,
measured based on the following question: “Do you prac-
tice sports or physical activity enough to produce sweat-
ing or shortness of breath?”” [29]. The type and frequency
of practice (days per week) were also recorded. In the PT
group, 90% performed physical activity at least 2 times
per week and 100% of participants of the C group reported
non-regular physical activity.

Pilates-based physical training

The Pilates-based physical training program comprised
2 sessions per week, 60 minutes per session for 8 weeks.
All sessions and evaluations were conducted by a special-
ized and certified Pilates instructor with more than 8 years
of experience teaching the Pilates method. According to
the development of basic Pilates mat work, the sessions
were distributed in 3 progression phases, and adjusted to
the participants needs, according to the capability to ac-
complish the physical standard pattern of the Pilates ex-
ercises (progression and regressions) and the presence of
discomfort or pain. The first phase included 6 sessions
which consisted of the introduction to the Pilates method
with standing exercises (abdominal breathing, arm circles,
side stretch and chest expansion), pre-Pilates supine exer-
cises (lateral chest breathing, extend leg up and down, toe
touch, foot flex and point, scapula mobilization), exercises
in the supine position (hundred, roll up, single leg circle,
double straight leg stretch, tick tock bent legs and pelvic
curl/shoulder bridge), seated exercises (spine stretch for-
ward and single leg stretch. Exercises in the prone posi-
tion (prone head lift, prone leg lift, half swimming) and
finally quadrupedal exercises (cat stretches and balance).
In the second phase (from 7t to 11th session), similar exer-
cises as the first phase were performed with the addition of
standing exercises (spinal twist, squat and roll down) and
the supine exercises (double straight leg stretch). In the
third phase (from 12 to 16™ session), the pre-Pilates ex-
ercises in the supine position were removed and the stand-
ing exercises were the main exercises, such as lunges and
the quadrupedal transition exercise to the standing posi-
tion: roll up to standing, as previously described [8]. The
C group subjects received no Pilates training during the
8 weeks of intervention and were encouraged to abstain
from beginning any exercise program or changing their
current activity levels during this time period.

Anthropometric measures

The anthropometric measures followed the standard
procedures of the International Society for the Advance-
ment of Kinanthropometry [44]. The height was measured
to the nearest 0.1 cm with a portable stadiometer (SECA
217, Germany). The body weight was assessed on a scale
(SECA 760, Germany) to the nearest 0.5 kg. The body
mass index (BMI, kg/m?) was determined as the ratio
between weight and height squared, and then individu-
als were categorized according to the WHO International
classification [33] as normal weight (18.5 and 24.9), over-
weight (25.0-29.9) or obese (=30.0). The waist circumfer-
ence was measured with an inextensible anthropometric
tape about the smallest circumference between the ribs
and iliac crest, at the end of a normal expiration, to the
nearest 0.1 cm. For the thigh circumference, participants
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stood up and the measure was taken at midway between
the greater trochanter and lateral tibiae.

Skeletal muscle strength tests

The skeletal muscle strength of the upper and lower
limbs was assessed using the handgrip test and isometric
knee extension test, respectively. Handgrip strength in kilo-
grams was measured using a hydraulic hand dynamometer
(SH5001, SAEHAN Corporation). Participants performed
three repetitions by hand, alternately, right and left, with
1 minute rest between trials. The scores were recorded and
the best performance was considered for further analysis.
Maximal isometric handgrip strength, measured with a dy-
namometer according to the standard procedure, has high
to excellent inter-tester and test-retest reliability [25].

Isometric knee extension strength was measured on
a custom-built chair incorporating an S shape load cell
(VETEK VZ101BS, 1 tonne) with the knee joint fixed at
90° and the load cell attached to the subject’s ankle joint
with a strap [4]. As demonstrated by Wang and associ-
ates [50], being based on isometric strength, this method
presents excellent reliability and reproducibility compared
to a laboratory-based Biodex dynamometer.

Three trials were performed on the right leg with a rest
period of 1 minute between trials, according to the Ameri-
can Society of Hand Therapists [17]. The best of the three
trials was recorded for further analysis.

Cardiorespiratory fitness test

The 6-minute walking (6MW) test was performed ac-
cording to the protocol of the American Thoracic Society
[42]. This test is an easy and validated field test for assess-
ing cardiorespiratory fitness in the elderly [6]. The partici-
pants were asked to walk, as fast as possible, according to
a course on a flat and hard surface, for 6 minutes. Verbal
encouragement was provided during the test and the maxi-
mal distance was recorded in meters. Before the test, the
researchers performed a single lap of the course, identi-
fying the turnaround point and the procedure in case the
participants become so tired that they had to stop.

Balance tests

The one leg stance with eyes open and eyes closed was
performed for both right and left leg. This test has a high
inter-rater reliability, being a valid instrument for assess-
ing balance in different age groups [43]. Participants were
instructed to remain barefoot, with a leg elevated, about
10 cm from the ground, so that the elevated foot was close
to, but not in contact with, the lower support leg, and asked
to focus on a fixed point on the wall at eye level, during the
eyes open test. The upper limbs were stretched out along
the trunk. A digital timer was used to measure the time
in seconds that the participant remained balanced on one
foot. The timing started when the participant took the foot

off the ground and ended when: 1) the participant used the
upper limbs to maintain balance; ii) the participant used
the elevated foot to maintain balance; iii) the participant
moved the footrest to maintain balance; iv) a maximum
of 30 seconds in equilibrium had occurred; and v) the par-
ticipant opened his/her eyes, in the eyes closed condition.
This procedure was performed twice in both tests, with
a rest of two minutes between tests. Before testing, sub-
jects were instructed about the procedure and performed
two experimental trials of each condition. All subjects per-
formed the right and left leg test randomly with both open
and closed eyes. At least five minutes rest was indorsed
between the eyes open and the eyes closed tests and the
best performance was considered for analyses.

Performance-based measures of functional mobility

The Timed Up and Go (TUG) is a simple, valid and
widely used clinical performance-based measure of lower
extremity function, mobility, dynamic balance and fall risk
[3,27]. The test was performed in accordance with general
recommendations, to accomplish consistency conditions
[36], in an armless chair with about 46 cm. The test started
with the participant sitting on the chair, with back support-
ed, feet shoulder width apart and flat on the ground, and the
arms resting on the legs. A cone was placed on the floor,
3 m from the chair. The following statement was given to
the subject: “The purpose of this test is to assess the time
it takes to get up, walk three meters along the line, reach
the cone, turn around, return to the chair and sit. Walk at
your usual speed. When you hear the word “GO” you will
perform the test the way it was given.” Each participant
performed a single trial with the criterion trial before the
real trial. The time to perform the TUG test was recorded
with a sports watch. The timer started when the patient got
up and ended when he/she sat back down fully supporting
the buttocks in the chair.

Statistical analyses

The descriptive statistics, mean and standard deviation
were calculated for all variables.

Wilcoxon signed rank and Mann-Whitney tests were
applied to compare the differences from baseline to the
post-intervention program. Additionally, we calculated
effect sizes (ES) as Cohen’s d using the pooled standard
deviation of the random effects. The ES to non-parametric
tests was obtained according to the literature [34]. Asso-
ciations between variables were examined using Pearson’s
correlation coefficient. The following correlation scale
was adopted [23]: trivial (» < 0.1); small (0.1 <r <0.3);
moderate (0.3 < r < 0.5); large (0.5 < r < 0.7); very large
(0.7 £ r <0.9); and nearly perfect (>0.9). All statistical
analyses were executed using IBM SPSSStatistics for
Windows, version 22.0 (IBM Corp., Armonk, N.Y. USA)
with the significance level set at p < 0.05.
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Results

Considering the estimated potential sample of 237
subjects, the total sample was representative according to
a confidence level of 95% with a margin of error of 22%.

As shown in Table 1, no significant differences were
found in anthropometric parameters after 8 weeks of Pi-
lates training, except for thigh circumference (p < 0.05).
However, a small effect for weight (d = 0.22, 70.4 £ 8.5
vs.73.4 + 14.7) and waist circumference (d = 0.22 was ob-
served in the PT group compared to the C group. The BMI
classification shows that in the PT group 20% were clas-
sified as overweight and 50% were obese. In the C group
40% were classified as obese and 40% were overweight.

Table 2 presents skeletal muscle strength for upper
and lower limb and cardiorespiratory fitness tests. Al-
though a significant increase was found in lower limb
(34.66 + 15.0 vs.30.07 = 6.1; p = 0.013 d = 0.56) in the
Pilates-exercised group after 8 weeks of Pilates training
vs. baseline, there was no difference in upper limb mus-
cle strength. The PT group exhibited a better 6MW test
performance after 8 weeks of the Pilates-based program
(476.75 £79.40 vs. 443.20 + 89.94, p = 0.04; d = 0.45;).

Balance is usually categorized as static or dynamic bal-
ance [24]. Balance is crucial for the performance of daily
life actions and movements in elderly that involve high
complexity and requiring self-proper body control [45].
Therefore, we evaluated one leg stance with eyes open
and closed for both legs and the TUG test before and after

Table 1. Anthropometric measures before and after Pilates-based physical training program

Control group Pilates training group pTCVOShEé] gSrZup
BL PI d BL PI d  BL PI
Age [years] 75.8 +4.44 - 76.5+5.93 - - - -
. 160.310.0  160.1 % 10.0 156.6+11.9 1567+ 11.6
Height [em] [152.6: 168.8] [152.1:168.5] ~°10 [1489:1714] [149.2: 17107 O1° <010 <0l
. 734142 734+147 71.8+ 8.4 704+8.5
Weight [ke] [612:839]  [60.6:83.8] U1 [626:798]  [700:800] 22 017 014
284+4.1 28.5+4.4 29.6+ 4.6 293423
2
BMI [kg/m’] 255:313]  [254:317] 010 1263:320]  [262:3247 17 015 <0
Waist 985103  99.6+11.4 99.4+5.6 97.1+57
circumference [em]  [89.8: 1064]  [89.6:107.0] 19 [927:1035] [922:1003 022 <010 <0l
Thigh 50.9+4.6 50.8 4.7 496469  53.4+7.6%
circumference [cm]  [47.4; 54.9] [47.0; 54.6] <0.10 [43.3; 55.9] [45.5;58.2] 0.19°0.15 0.16

Data are expressed as mean + SD [95% confidence interval]; BL — baseline; PI — post-intervention; PT — Pilates training; C group — control group;

d — Cohen’s d; BMI — body mass index; * vs. baseline.

Table 2. Effects of 8-week Pilates-based physical training program on skeletal muscle strength and cardiorespiratory fitness

. .. Cohen’s d
Control group Pilates Training group PT vs. C group
BL PI d BL PI d BL PI
. 31.6+9.6 311499 292+ 10.0 28.20+9.0
Upperlimb [daN] 6. 3091 25.6:3977 %10 [19.8:41.6) [19.1:390] 17 010 017
. 451+19.7  455+216 3014126  347+15.0°
Lowerlimb [daN] 30 . 6031 896211 %10 [17.6:452] [190:524] 06 029 03l
# *
6MW test [m] S77.8+70.7  S468£766° . 44325899  4768+794" o o o

[530.6; 639:6] [497.9; 613.7]

[364.2; 545.4]  [411.0; 569.0]

Data are expressed as mean + SD [95% confidence interval]; BL — baseline; PI — post-intervention; d — Cohen’s d; PT — Pilates training group;
C group — control group; PT — Pilates training group; 6MW — six-minute walk test; “vs. baseline;* vs. C group at baseline.
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Table 3. Effects of Pilates-based physical training program on performance-based measures of balance and functional

mobility
Control group PT group PTC\(/):EH;:rgZup
BL PI BL PI d  BL PI

One leg stance

Eyes open, right leg [s] [5 f;;ﬁ [g‘;ilf _‘S] <010 _56_65:*164'_70] 1[23'_50?52159:55]* 060 041 034
Eyes open, left leg [s] [Zﬁiigﬁé] [?.?);il?:g] <0.10 [Z):i;jtlzt:é] 1[11'.99;i213(.)'3‘;* 0.60 0.1z 0.12
Eyes closed, right leg [s] 3['29: ;:g? 2[18; iﬁ; 0.13 1[66_32_01']7 ? '11. ; ig] 063 067 024
Eyes open, left leg [s] 52'93;0.59] 2[26.1T 238; 0.23 [20'?;31_ '77] ‘["15. Zf g.';‘]* 054 044  0.14
TUG [ a1 ansg % peia  (sose 06 068 030

Data are expressed as mean + SD [95%CI]; BL — baseline; PI — post-intervention; d — Cohen’s d; PT — Pilates training group; C group — control

group; TUG — Timed Up and Go; " vs. baseline; # vs. C group at baseline.

8 weeks of Pilates training. We observed that elderly from
the PT group clearly improved one leg stance related pa-
rameters and the TUG test (Table 3).

For one leg stance, the PT group increased duration
with eyes open for right leg (p < 0.01; d = 60) and left leg
(p < 0.01; d = 0.60) as well as with eyes closed for right
leg p < 0.01, d = 0.60) and left leg (p < 0.01; d = 0.54)
after the 8-week Pilates-based physical training program.
The duration of the TUG test decreased significantly in
the PT group from baseline to post-intervention moments
(9.6 £ 1.7 vs. 7.0 £ 1.0; p < 0.01, d = 0.63). There were
no statistically significant differences in these param-
eters in the PT group vs. C group after intervention, but
a moderate-sized effect was seen for duration of one leg
stance eyes open, right leg (d = 0.34) and for the TUG test
(d=10.30).

Overall, considering muscle strength, cardiorespira-
tory fitness and balance parameters, we observed a posi-
tive correlation between handgrip strength and isometric
knee extension (p < 0.01, r = 0.62); handgrip strength and
cardiorespiratory fitness (p < 0.01, r = 0.62); cardiorespi-
ratory fitness and one leg stance, eyes closed, right and
left leg (p = 0.04, r = 0.46; p = 0.05, r = 0.45), as shown
in Figure 1.

Discussion

The present findings suggest that 8 weeks of Pilates-
based physical training can be a valid alternative method
as a relevant strategy to improve cardiorespiratory fitness,

lower limb muscle strength and both dynamic and static
balance in the elderly over 70 years old. Furthermore, the
attendance was 92%, which may indicate high motivation
of such a population to undertake this type of exercise
training.

Previous studies indicate that regular participation in
a short training program had a positive impact on anthro-
pometric variables such as weight loss [1], increase of
lean body mass [20, 30] or the reduction of fat mass [20].
However, other studies [12] have shown that it is unclear
whether the physical training has an independent effect on
the lipid profile or is dependent on associated weight loss.
Regarding the effects of the PM intervention in anthro-
pometric variables, the results are contradictory [11, 15].
For example, Fourie et al. (2013) [18] reported a signifi-
cant improvement in lean mass and significant decreases
in fat mass, from pre — to post-testing, while Vécseyné et
al. (2013) [48] and Fernandez and Benitez (2013) [16] did
not find significant differences in BMI and muscle mass.
The present study findings are in line with Vécseyné et al.
(2013) [48] and Fernandez and Benitez (2013) [16], as no
significant differences were found in anthropometric vari-
ables, except the increase in the mid-thigh perimeter from
before to after training. This finding may be related to in-
creasing isometric knee extension strength (+4.59 daN,
p = 0.013, see Table 3) and no differences in weight (Ta-
ble 2). However, the present study did not control either
fat or muscle mass changes.

Previous interventions based on PM exercises were
lacking in information about the intervention protocol
[11]. However, those with similar interventions to the
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Figure 1. Correlation between muscle strength, cardiorespiratory fitness and balance-related parameters

(A) correlations between lower limb strength and upper limb strength; (B) correlations between cardiorespiratory fitness and upper limb strength;
(C) correlations between single leg stance with eyes closed right leg and cardiorespiratory fitness; (D) correlations between single leg stance with
eyes closed left leg and cardiorespiratory fitness; 6MWT — six-minute walk test.

present study [18, 48] reported important improvements in
strength of the lower limbs. Irez et al. (2011) [26] exam-
ined the effects of 12-week Pilates exercise intervention
on dynamic balance, flexibility, reaction time and muscle
strength in order to reduce the number of falls among old-
er women. The study reported a significant improvement
in hip flexion, hip adduction and hip abduction strength.
Some systematic reviews [9, 14, 32], recent meta-analyses
[8] and other research [2] reported strong evidence of in-
crease in lower limb strength after PM mat exercise train-
ing. In the present study, besides the increase of dynamic
and isometric leg strength, the inclusion of exercises such
as squat and lunge exercises, from more conservative to
more challenging ranges, might have mediated the posi-
tive changes in the lower limb strength in the PT group.
With aging, cardiovascular function seems to be the
main determinant in reducing capacity to perform exercise
[13]. Most of the PM intervention does not directly include
cardiorespiratory fitness parameters. In the review of Can-
cela et al. (2014) [11], only 4 of 17 studies assessed this
parameter while Bullo et al. (2015) [9] reported a small
effect on cardiometabolic outcomes. Bueno de Souza et al.

(2018) [8] reported, in a review with meta-analysis, mod-
erate evidence for improvement in cardiovascular fitness
after a randomized control trial on Pilates training inter-
vention. Vieira et al. (2017) [49] found, after 12-week
Pilates exercises (2 times/week, 60 min/session), an in-
crease of ~30 m (p < 0.01) in the 6MW test. The present
results are in line with this study as a significant increase
of ~33.55 m (p = 0.047) was found in the PT group, in the
6MW. Advancing age results in a reduction in the number
of meters walked in the 6MW test [37, 40]. Given that,
the Pilates method seems to be an important strategy in
maintaining or improving the cardiorespiratory fitness and
mobility in septuagenarians’ daily life activities.

The results of this study also showed that static bal-
ance improved significantly either in open eyes or closed
eyes condition, in the PT group. In contrast to our find-
ings, Vieira et al. (2017) [49] reported that the one leg
stance test remained unaltered after Pilates intervention.
Furthermore, the present study found significantly im-
proved lower limb muscle strength assessed as isometric
knee extension after an 8-week exercise program, whilst
Vieira et al. (2017) [49] reported similar findings, after
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a 12-week exercise program assessed by the five-times-
sit-to-stand test. In the Vieira et al. (2017) [49] study, the
Pilates exercises were conducted using accessory equip-
ment such as exercise rubber bands, Swiss and exercise
balls and the participants’ mean age was 66 years old. In
the present study, the exercises were conducted without
accessories and the participants’ mean age was 76.5 years.
These differences may explain the different results.

Studies using the PM in the elderly have shown a posi-
tive effect on the dynamic balance [3, 9, 22, 26, 31, 39, 48].
In fact, the present study showed that TUG improved sig-
nificantly in the PT group, by reducing the time required to
perform this test. Increased balance and lower limb muscle
strength have been suggested in intervention programs for
effectiveness in preventing falls in the elderly [3]. In partic-
ular, the strength of the knee extensors has been associated
with the performance of activities such as walking and get-
ting up from a chair, as they are decisive to perform func-
tional tests as support unipedal or up and go timed [21].
Our results corroborate these findings since we found sig-
nificant improvements in the muscle strength of the knee
extensors and TUG test in the PT group, the results being
better than the 10.2 seconds reference value reported by
Bohannon (2006) [5], for people aged 70-79 years.

This study has some limitations. The sample size was
limited and was not possible to analyze separated by sex.
Additionally, participants’ daily life activities such as
physical activity, medication and nutrition were not su-
pervised on a daily basis. However, considering the age
group and the sample distribution (proportion of men and
women in PT and C groups), the effects of the PM on the
physical function of elderly people were clear.

The Pilates method based program centered on motor
re-education plays a major rule to improve physical fitness
for health, especially in cardiorespiratory fitness, lower
limb muscle strength and dynamic/static balance in the
elderly, over 70 years old.

Thus, this type of exercise training may provide a great
help in the maintenance or improvement of functional ca-
pacity in the elderly, helping them to perform easily their
daily activities and consequently contributing to the social
partnership, building a healthier society.

Conflict of interest: Authors state no conflict of interest.
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